Presently, adaptive systems use various cognitive and cardiovascular measures to evaluate the functional state of the operator. One marker that has been largely ignored as an assessment tool is baroreflex sensitivity (BRS). This study examined the extent to which BRS changed in response to acute psychological and physical stressors. A total of 20 participants underwent 6-min exposures to a psychological stressor and a physical stressor. Baroreceptor sensitivity, blood pressure, heart rate, heart rate variability, stroke volume, cardiac output, mean blood pressure, total peripheral resistance, left ventricular ejection time, and pre-ejection period were continuously measured at rest and throughout the testing period. Compared to rest, BRS significantly decreased during both the psychological and physical stressors. BRS was reduced more with the psychological stressor than the physical stressor. Heart rate and systolic blood pressure significantly increased above rest during the psychological stressor but not during the physical stressor. There were no significant differences from rest or between stressors for the other physiological markers. BRS was more robustly responsive than other cardiovascular measures commonly used to assess the psychophysiological response to stress, suggesting BRS is a useful marker for evaluating operator functional state during psychological and physical tasks. 
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In order for an adaptive system to respond adequately, it is imperative that the 16 psychophysiological signals reliably and accurately reflect the operator's current state. To that In regards to adaptive systems, the most commonly studied CV measures are heart rate provide a more comprehensive explanation of changes in these variables, especially during 5 prolonged mental tasks. The reduction in HRV with increased mental effort is related to a 6 reduction in the low frequency power band (0.07-0.14 Hz) (Mulder, 1979) which is associated . Under normal conditions, the baroreflex loop tightly regulates blood pressure through 9 regulation of sympathetic and parasympathetic outflow via modifications in effectors such as 10 heart rate, myocardial contractility, and arterial resistance (Thomas, 2011). For example, an 11 increase in arterial blood pressure yields an increase in parasympathetic outflow and a decrease 12 in sympathetic nerve traffic, causing a decrease in heart rate, myocardial contractility, and 13 arterial resistance. During emotional excitement when the "flight or fight" response is evoked, 14 baroreflex sensitivity is inhibited by influences of the telencephalon and diencephalic systems, 15 specifically the rostral ventrolateral medulla, which allows for inconsistent increases in both 16 heart rate and blood pressure (Berntson, 1991 mental arithmetic) and the other consisting of a physical stressor (i.e., cold pressor test). The 7 psychological stressors were adapted into an interactive software application that required the 8 participant to use a keyboard to respond to each task with the tasks displayed in 3-D on one 10 9 foot wall of a six-sided virtual reality system using a custom simulation engine, VirtuTrace 10 ( Figure 1 ). To increase distress, both visual (e.g., number of correct answers, time remaining) 11 and auditory feedback (e.g., different tones for correct and incorrect answers) were provided. A 12 virtual environment was chosen for this task in order to test the practicality of using BRS in this 
Physiological measures 9
Heart rate and Heart Rate Variability
10
All physiological data were recorded by an integrated hardware and software package 11 (Biopac MP150, Acqknowledge; BIOPAC Systems, Inc., Goleta, CA). The data used for 12 measures of heart rate and heart rate variability were collected by a 3-lead ECG configuration 13 with disposable electrodes placed on the left rib cage, right clavicle, and the ground electrode on 14 the right rib cage. The ECG data were collected wirelessly using a Biopac BioNomadix 15 transmitter with data sampled at a rate of 1000Hz and amplified using a Biopac ECG100 primarily mediated by parasympathetic activity and includes the effects of respiratory activity on 7 the cardiac internal signal (Mulder, 1979) while LF reflects sympathetic and parasympathetic 8 activity and is associated with the regulation of short-term blood pressures (Task Force, 1996).
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The LF/HF ratio was calculated and changes in the LF/HF ratio were used as an indication of 10 fluctuations in sympathetic activity. To account for temporal changes in total power, the 
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Baroreflex sensitivity (BRS) was determined using the sequence technique (Parati, Di 
Results

13
Participants
14
The final data set consisted of 15 men and 5 women between the ages of 20 and 38 years 15 (M = 23, SD = 5) who were senior undergraduate students within the university. Due to 16 technical problems and one male participant being unable to complete the physical stressor for 17 the allotted time, some data points (2%) are missing from some subjects in all scenarios.
18
Heart Rate and HRV
19
A one-way ANOVA showed heart rate to be significantly changed (F (2, 19) = 10.51, p <
20
.001) with the stressors. The psychological stressor had a greater effect on heart rate compared 21 to rest (t = 4.550, p < .001, d = 1.367) and the physical stressor (t = 2.73, p = .010). Heart rate variability in the high and low frequency bands were changed from baseline, but these 1 differences were of borderline significance (p = .08; p =.09, respectively). The LF/HF ratio did 2 not differ significantly between resting and the two stressors (p > .6).
3
Impedance Measures
4
The statistical analysis revealed no significant results for the impedance measures (p > 5 .05; Table 1 ). However, a medium effect size was found for LVET for the psychological stressor reliably change with mental load and can be collected relatively non-invasively. One CV marker 13 that has not been studied extensively for adaptive systems is baroreflex sensitivity (BRS). Prior 14 research found BRS to be markedly changed during mental tasks (e.g., mental arithmetic).
15
However, these changes have not been compared to a comprehensive panel of cardiovascular 16 measures nor has the relationship between BRS and performance been extensively studied. The 17 aim of the present study, therefore, was to assess BRS to determine its sensitivity and The principal finding of this study was that BRS was more sensitive to the stressors than The magnitude of this statistically significant change in BRS from baseline due to the 10 psychological stress was quite robust (d = 1.4).
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The anagram task was more difficult for the subjects than either the Stroop word test or 12 mental arithmetic task. The change in BRS was most strongly correlated with performance on 
15
This relationship may be explained by the Lacey intake/ rejection theory which hypothesizes that 16 tasks demanding internal psychological concentration and rejection of external distractions 17 reduce baroreflex sensitivity which allows for an increase in cardiovascular activity (i.e., heart 18 rate and blood pressure) (Lacey, & Lacey, 1970) . In the present study, the psychological stressor 19 may have produced an environment where the participants had to internally focus while blocking 20 external disturbances. This is noteworthy here, since the external distractions during the 21 psychological stressors were heightened via auditory cues for each correct and incorrect response. Thus, this finding supports the notion of designing adaptive systems to take over some 1 tasks which are distracting to the operator during high cognitive demands.
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One unexpected outcome was the lack of a significant HRV response to the two stressors. interpreted as sympathetic activation which is supported by the increase in blood pressure and 10 heart rate.
11
One limitation of the present study was the small sample size of 20 participants. While 12 medium to large effect sizes were present, the small sample size likely affected statistical power In conclusion, BRS was significantly reduced during psychological and physical stress 4 and to a greater degree during psychological stress. BRS was more robustly responsive to the 5 two stressors than other, more commonly used, cardiovascular measures of stress. Our findings 6 parallel previous work indicating that BRS reliably changes during cognitive tasks, but extends it 7 by suggesting it may be a viable tool for assessing an operator's functional state. In addition,
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BRS was associated with performance-a key component of task allocation in adaptive systems. Prentice-Hall, Englewood Cliffs, NJ. 
